I. The relative efficacy of oral and parenteral iron administration in the prophylaxis and treatment of Fe-deficiency anaemia of pregnancy has been studied.
In a previous study (Sood et al. 1975) it was observed that even after 10-12 weeks of daily oral supplementation with I 20-240 mg iron together with pteroylmonoglutamic acid and cyanocobalamin, a substantial proportion of pregnant women had a haemoglobin concentration of less than I 10 g/l; a serum Fe below 600 yg/l and transferrin saturation below 15% suggesting persisting Fe deficiency. It was suspected that this may have been due to an inadequate absorption of Fe. The present investigation was therefore undertaken to compare the effects of oral and parenteral Fe supplementation.
M A T E R I A L S A N D M E T H O D S
As in the previous studies (Sood et al. 1975; Mathan et al. I979) , this trial was also conducted in both Delhi in northern India and Vellore in southern India. Pregnant women who agreed to collaborate in the study were admitted to the trial at 26&2 weeks of gestation. Women with chronic illnesses, with haemoglobin concentration less than 50 g/l, and those who had received haematinics during the last 6 months were excluded. The participating women were divided into one of the three strata according to their haemoglobin concentration (50-79; 80-109; I I O or above). Within each stratum subjects were allocated at random to one of the following treatment groups: ( I ) oral ferrous sulphate (Fersolate; Glaxo Laboratories, India, Ltd) providing 120 mg elemental Fe, given once per day 6 d/ week; ( 2 ) Fe dextran complex (Imferon; Tata Fison, India, Ltd) providing IOO mg Fe given intramuscularly twice per week; (3) Fe as in group I fpteroylmonoglutamic acid (5 rng/d, 6 d/week)+cyanocobalamin (100 yg intramuscularly once per 14 d); (4) Fe intramuscularly as in group 2+pteroylmonoglutamic acid+cyanocobalamin as in group 3 ; (5) Fe Comparison between regression lines dextran complex (mg) given intravenously as a single total dose infusion according to the formula (15 -patient's haemoglobin (g/dl)) x (body-weight (kg) x 3) + pteroylmonoglutamic acidt-cyanocobalamin as in group 3. Treatment was continued for 10-12 weeks. Ingestion of tablets was supervised by public health nurses. No extraneous Fe or vitamin supplements were received by these women. The total dose infusion was given under medical supervision in hospital. A test dose was first given and then if no adverse effects occurred, the calculated dose was given by slow infusion over a period of 4-6 h.
Venous blood samples were taken before treatment was started and at least 48 h after the last injection or tablet was given. Haemoglobin was estimated by the cyanmethaemoglobin method (Dacie, 1956 ) checked at regular intervals with an international reference standard (provided by Dr S . M. Lewis). Packed cell volume was determined by the microhaematocrit method.
Ethical considerations. All women were aware that they were participating in a therapeutic trial and were free to withdraw from the study at any point without detriment to the antenatal care offered to participants.
R E S U L T S
Initial (26 weeks) and final (36-38 weeks) mean haemoglobin concentration, mean packed cell volume, mean of individual differences of the two values and their standard errors, in each of the groups, are shown in Table I . In each group the mean haemoglobin concentration and mean packed cell volume showed a significant rise. The increase was more marked in the groups receiving intramuscular Fe. In each of the groups the magnitude of the rise in haemoglobin concentration after therapy was inversely related to the initial haemoglobin concentration, and the regression of the final haemoglobin values v. initial haemoglobin values in different groups appeared heterogeneous. Even though the slopes of regression did not reveal a difference, the regression lines were found to be significantly different from each other ( P < 0.01). The results are presented in Table 2 and Fig. I . In view of this, separate regression functions for each of the treatment groups were estimated and on the basis of initial haemoglobin concentration the expected haemoglobin concentration after therapy was calculated ( Table 3 ). The analysis allows for the differences in the initial haemoglobin concentration of the groups, and clearly demonstrates the differences in the effectiveness of the various therapeutic regimens. Thus a woman who started with a pretreatment haemoglobin concentration of 70 g/1 was likely to show a rise of approximately 28.1 g/1 with oral Fe. Addition of pteroylmonoglutamic acid and cyanocobalamin further enhanced this beneficial effect and the expected rise in haemoglobin with an initial haemoglobin concentration of 70 g/1 was 36-3 g/l. Fe administered by the intravenous route together with cyanocobalamin and pteroylmonoglutamic acid produced a similar rise in haemoglobin concentration. Intramuscular Fe produced a greater increase in haemoglobin concentration as compared to oral or intravenous Fe, the expected value in haemoglobin concentration with an initial haemoglobin of 70 g/1 being 43. I g/l.
The percentage of women with persisting anaemia (haemoglobin less than I 10 g/l) at the end of the period of supplementation in groups 1-5 was 33.3, 16.7, 20.0, 6.7 and 50.0 respectively.
The mean cell haemoglobin concentration did not change significantly except in group 4
where the mean initial value of 3 1.42 increased to the mean final value of 32.22 (P < 0.001).
No adverse reactions were seen in the groups receiving intramuscular Fe, but two of the women in the group receiving intravenous Fe developed severe delayed allergic reaction several hours after the end of the infusion. Both women recovered, but the second reaction was so severe that it was judged unethical to continue this portion of the study.
D I S C U S S I O N
This study confirms the previous findings that there is a high prevalence of anaemia in pregnant women in India (Sood & Ramalingaswami, 1968; Yusufji et al., 1973) ; that Fe supplementation raises the mean haemoglobin concentration (Basu et al. 1973; Sood et al. 1975; Mathan et al. 1979) , and the addition of pteroylmonoglutamic acid and cyanocobalamin to Fe supplement produces a greater rise in haemoglobin concentration than Fe alone (Sood et al. 1975; Mathan et al. 1979) .
In the present study the mean rise in haemoglobin concentration in the women in group I given oral Fe was I 1.2 g/1 over a period of 10-12 weeks. If 3.7 g/l, the expected mean decrease in haemoglobin which would have occurred if no Fe had been given (Sood et al. 1975) , is added to the value for the mean rise ( I 1.2 g/l), the total mean rise in haemoglobin concentration occurring during this period was 14.9 g/l. Assuming a blood volume of 5 1, this equals a daily haemoglobin rise of 0.19 g/l, a daily Fe utilization of 3.24 mg and an Fe absorption of approximately 2.7 % from a daily intake of 120 mg. Similar calculations for the women in group 2 who received intramuscular Fe indicate a considerably greater mean daily haemoglobin rise of 0.31 g/1 and a daily Fe utilization of 5-18 mg.
The great majority of investigators have shown that the rise in haemoglobin concentration in Fe-deficient subjects, including pregnant women, is identical whether the Fe is given orally or parenterally (Pritchard & Hunt, 1958; Sturgeon, 1959; McCurdy, 1965; DeLeeuw, et al. 1966) . However, Cope et al. (1956) , while finding no difference between the two routes of administration in post-natal women, obtained a better response in twenty-one pregnant women given intramuscular Fe than in 133 pregnant women given oral Fe (an average daily percentage increase in haemoglobin of 1.2 v. 0.9). Unfortunately Cope et at. (1956) give no statistical analysis of their results, nor the data to enable this to be done, therefore the significance of their finding is not clear. The greater rise in mean haemoglobin concentration obtained with intramuscular Fe, in the present study, indicates that the unsatisfactory response to oral Fe therapy is attributable to the insufficient absorption of orally administered Fe to meet the body's needs in the available period of time. A similar conclusion was also reached in a previous study in this series and the possible reasons for this poor absorption were discussed (Sood et at. 1975) .
It is usually thought that the response to parenteral Fe is the same whether it is given intramuscularly or intravenously (Will & Groden, 1968) . The greater rise in the mean haemoglobin concentration in groups 2 and 4 (given Fe dextran by intramuscular route) as compared to group 5 (given Fe dextran by total dose infusion) was therefore surprising. The total dose given intramuscularly was approximately 2000 mg Fe as compared to approximately 1000 mg Fe by the intravenous route. However, it is difficult to explain the difference in the rise in the mean haemoglobin concentration just on the basis of the difference in the total dose. Even if 0.50 of the Fe administered intravenously had been available, approximately 150 g haemoglobin should have been synthesized during this period which would have produced a rise in haemoglobin concentration similar to that seen in the women receiving Fe intramuscularly. It has been observed that the clearance of Fe dextran administered by the intravenous route is much faster than when given by the intramuscular route (Will, 1968; Will & Groden, 1968; McCurdy, 1970) . This is apparently due to a slow uptake of Fe from the site of intramuscular injection. However, after its appearance in the circulation, the subsequent processing of Fe dextran is identical in both instances. It has been demonstrated that a proportion of Fe dextran administered intravenously is sequestered in the reticulo-endothelial system (RES) and becomes unavailable for haemoglobin synthesis despite continued Fe deficiency (Henderson & Hillman, 1969) . This effect seems to be dose and time dependent. The larger the dose, the greater the amount of Fe dextran that remains in the RES, and the longer it stays there, the less available it becomes for haemoglobin synthesis. As the intramuscular Fe dextran is given in small and repeated doses and is released at a much slower rate, it is likely that its period of retention in the RES is shorter and its availability to the erythron is greater. This may explain the difference in the rise in haemoglobin between the two groups.
This study highlights the difficulty of providing adequate amounts of supplemental oral Fe during the course of pregnancy to women who start pregnancy with severe degrees of Fe deficiency. There is an urgent need for the development of a cheap oral Fe preparation which will provide larger amounts of available Fe without increasing the prevalence of side effects. Clearly, the relatively high cost of the preparation and delivery of intramuscular Fe and the prevalence of adverse and even fatal side effects of Fe dextran (Becker et al. 1966; Jacobs, 1969; Morrow, 1973 ) make it unsuitable for public health use. However, a safe, cheap parenteral preparation which could provide I g available Fe in one injection could have an important role in the treatment and prophylaxis of anaemia of pregnancy. The recently-available Fe poly(sorbitoLg1uconic acid) complex (Fielding, I 977) (Ferastral) which, given intramuscularly in two sites, can provide up to 500 mg Fe at one treatment, may be an improvement on previously-available preparations although experience with its use in field situations is still limited.
